An antibody reacting with endocardium, vascular structures and interstitium of striated muscle (EVI antibody), by the indirect immunofluorescence technique, was recently described in Chagas' disease. In the present report the identification of tissue structures responsible for the EVI reaction was studied by means of ultrastructural immunochemical methods. Positive reactions were observed in the plasma membrane of the heart and skeletal muscle fibers and endothelial cells of blood vessels.
tures involved was not able to be determined because of resolution of the immunohistochemical method used. The present study, employing an ultrastructural immunohistochemical method, shows that the serum antibody reacts with the plasma membrane of striated muscle fibers and endothelial cells.
Material and Methods

Patients and Controls
The sera of eight chagasic individuals with circulating EVI antibodies were studied. Four of them had cardiac involvement. Clinical and serological criteria was the same as previously reported.' Eleven samples of sera without EVI antibodies are included: six from asymptomatic individuals infected with T. cruzi, and five from blood donors from a nonendemic area.
Investigation of EVI Antibody
Experiments were performed by the indirect immunofluorescence technique over unfixed mouse heart and skeletal muscle cryostat sections as described elsewhere.' The action on mouse striated muscle sections of 4% phosphate buffered formaldehyde pH 7.3 was studied by fixing cryostat sections in this solution and then washing them in phosphate buffered saline (PBS), pH 7.2, for 10 min. The slides with the tissue sections were immersed in Coplin glasses with the formaldehyde solution and were extracted at 10 min intervals (up to 4 hours) in order to determine the effect of formalin in relation to the time of fixation. The same procedure was performed with another set of sections, in a 3% phosphate-buffered glutaraldehyde solution; in this case intervals of extraction of the slides were 1 min, 5 min, 10 min and 20 min.
CHAGASIC CARDIOPATHY
Goat anti-human gamma globulin (IgG, IgA, and IgM) was prepared and labeled with fluorescein isothyocianate as described by Nairn. 2 The batch used in the previous report' was used again. Complement (C) fixing ability of EVI factor by the indirect immunofluorescence technique was also studied, using a commercial antiserum (Hyland Laboratories, Los Angeles, Calif., USA).'
In a previous report, the demonstration of bound gamma globulin in skeletal muscle biopsies of ten chagasic individuals with circulating EVI antibodies showed this tissue to be unsuitable for the demonstration of the autoimmune nature of the EVI factor.' Immunopathological studies of 33 skeletal muscle biopsies of EVI-positive chagasic individuals have been performed: 30 showed, in vivo, bound gamma globulin and three were negative, at least in the small sample of biceps obtained. Sections of these three cases were used in an autologous reaction with the EVI antibody in the indirect immunofluorescence technique employing unfixed cryostat sections, and sections treated with formaldehyde as mentioned above.
Ultrastructural Immunochemical Method
The same batch of goat anti-human gamma globulin antiserum employed for the immunofluorescence technique was utilized. A rabbit serum against human C3 was obtained treating fresh normal human serum (FNHS) with boiled zymosan;' the washed particles were resuspended and mixed in equal volumes with Freund complete adjuvant (Difco Laboratories, USA), and injected by the footpad route. The antiserum was further absorbed with purified IgG, IgA, IgM,' transferrin, and human serum albumin and tested by microimmunoelectrophoresis against FNHS: the microimmunoelectrophoresis was performed with 10 ul of FNHS in each of the two holes, and with 150 gl of the antiserum. Only the characteristic double arc band against 03 C-A was observed.
The globulin fraction of both antisera was separated by amonium sulphate precipitation and further purified by DEAE cellulose chromatography; the purity of the fractions was assessed by means of standard gel-electrophoresis and immunoelectrophoresis. Five mg samples of the purified globulins were labeled with horseradish peroxidase (Worthington Biochemical Corporation, USA) using glutaraldehyde as a coupling agent.4 After coupling, the conjugate was filtered through Sephadex G-200 in order to separate the labeled globulins from free peroxidase. The glutaraldehyde employed for coupling was triple distilled and carbon-absorbed;' its purity was determined by means of spectrophotometry at 280 nm. Samples of mouse myocardium and gastrocnemius muscle were fixed 4 hours at 4°C in 4% formaldehyde in 0.1 M phosphate buffer pH 7.3. Mouse skeletal and heart muscle tissues were selected because this species is the best as a source of antigen for the EVI antibody,' and for the advantage for obtaining extremely fresh nonpathologic tissues, minimizing risks of alteration of the fine structures due to postmortem phenomena.
After fixation the samples were washed overnight in the same buffer and sectioned at 100 g with a freezing microtome. The sections were rinsed in PBS and incubated four days at 4°C with the tested serum at a 1/10 dilution, and washed during 24 hours at 4°C in at least six changes of PBS. After incubation the sections were treated (at 4°C) in one of the following ways: 1) incubation for three days with goat gamma globulin anti-human gamma globulin, labeled Circulation, Volume 50, December 1974 with peroxidase; 2) incubation for two days with a pool of FNHS diluted 1/10 in PBS; washed overnight and incubated for three days with rabbit gamma globulin against Al C-A, labeled with peroxidase. Incubation with heatinactivated FNHS was also performed as a control; 3) incubation with rabbit gamma globulin anti-rat IgG (absorbed with normal human serum), labeled with peroxidase; 4) incubation with free peroxidase (1.2 mg/ml in PBS); 5) same as 1), but "blocking" previously with unlabeled goat gamma globulin anti-human immunoglobulins.
In every case, peroxidase-labeled antibodies were diluted in PBS to contain 0.5 mg of globulin per ml. The prolonged time of incubation with the tested sera and with the labeled antibodies was selected because it was found satisfactory in a previous study performed with enzyme-labeled antibodies.6 After treatment sections were rinsed for two hours in several changes of PBS and peroxidase activity was investigated according to the histochemical method of Graham and Karnovsky7 with diaminobenzidine chlorhidrate. The sections were then rinsed in PBS, fractioned in small pieces, postfixed in 1% osmium tetroxide in phosphate buffer pH 7.5 and embedded in Araldite.8 Thin sections were mounted on copper grids and examined unstained with a Philips electron microscope operated at 60 kV.
Thick sections (1 ,u) of the epoxy resin embedded material were examined under the light microscope.
With six chagasic sera (three EVI positive and three EVI negative), the same ultrastructural immunochemical method presented was carried out with samples of mouse kidney, liver, and placenta.
The sera studied in the present report were classified as EVI positive or EVI negative by two observers (PMC and RMA), employing the indirect immunofluorescence method. Then they were coded and studied by means of the ultrastructural immunochemical methods by two other observers (RPL and A Segal), who proceeded without knowledge of the result of the EVI immunofluorescence test, or the clinical diagnosis of each serum.
Absorption Procedures
EVI positive sera were absorbed with 45 mg/ml of lyophilized epimastigotes of T. cruzi as previously described.'
Results
Since fixation of striated muscle tissue in buffered formaldehyde was necessary for ultrastructural methods, and previous studies with the immunofluorescence technique were done without fixation procedures,' the action of formaldehyde over the antigenic structures was investigated employing the indirect immunofluorescence technique.
The endocardial and vascular patterns remained unaffected after the four hours of formaldehyde fixation. However, the interstitial pattern changed to a well delimited positive staining in or near the sarcolemma (figs. 1 and 2). This phenomena was better appreciated in skeletal than in heart muscle, probably because of the wider separation between skeletal muscle fibers, which is observed in the murine species (figs. 1 with PBS gave similar results to those of the unfixed sections; the interstitial pattern did not change. This change of the interstitial pattern to a well delimited one in or near the sarcolemma, after 4 hours of the fixative procedure with formaldehyde, was progressively observed in the sections fixed at 10 min time-intervals (between 10 min and 4 hours): while the interstitial pattern was gradually decreasing, the sarcolemmal one was progressively increasing. The complete effect was observed after 1 hour and 50 min to two hours of fixation and no differences were observed with sections fixed at longer periods of time.
In immuunofluorescence experiments performed with unfixed and formaldehyde fixed sections of the three skeletal muscle biopsies of EVI positive individuals and their own sera, results obtained were reasonably similar to the observations performed with murine striated muscle sections: the interstitial staining observed in unfixed sections ( fig. 3 ) progressively
Fluiorescence photomicrograph of formaldehyde-fixed mouse skeletal muscle section treated as the specimen in figure 1 . The fixative procedure was carried out over four hours, Irreguilar positive patches in the interstitiumn, between myofibers, are nio longer observed. Positive staining in or near the sarcolemma is noted.
(Original magnification X 250).
changed to a sarcolemmal one with the formaldehyde fixation ( fig. 4 ).
Although glutaraldehyde was not used as a fixative in electron microscopic procedures, the action of glutaraldehyde on the EVI antigenic system was also investigated. An extremely short fixation of the striated muscle sections with this fixative (one minute) abolished the EVI reaction.
Absorption procedures with T. cruzi abolished the EVI antibody reaction observed by immunofluorescence. The light microscope study with peroxidase-labeled antibodies also showed a positive peroxidase reaction in or near the sarcolemma.
The electron microscopic study of the striated muscle tissue sections incubated with EVI positive sera, treated with peroxidase labeled anti-human gamma globulin, showed a deposition of mild intensity of the enzyme product alongside the plasma membrane of the skeletal and heart muscle cells and the plasma ( membrane of the endothelial cells of blood vessels (figs. 5 and 6). Blocking experiments, performed by applying the unlabeled goat anti-human gamma globulin antiserum prior to applying the enzyme labeled antiserum, gave consistently negative results. The localization of the enzyme product appeared to be highly selective. No peroxidase activity of other structures could be seen with the single exception of mitochondria, which appeared stained in varying intensities, an action caused by peroxidase that occurs naturally in these structures.9 Neither the basal laminae of the muscle cells and the basement membrane of the blood vessels nor the stroma showed any peroxidase activity. The staining of the plasma membrane of the muscle cells was seen along most of its length, but occasionally small nonreactive areas could be observed.
Most of the pinocytotic vesicles showed a consistently negative reaction ( fig. 6 ). In the heart muscle cells the invaginations corresponding to the transverse tubular Circulation. Volutnie 50. De emnber 1974 Ftluorescence photornicrograph of formcaldehyde-fixed skeletal muscle section of a chagasic individuial with circuilating EVI antibody, treated as the specimen its figuire 3. The fixative procedure wa(fs carried otit over four hours. Positive auitoreacticityl in or near the sarcolenmma is noticed. This photomicrograph is from a specimen fronm the same patient in figure 3 (original magnification X 2,50). system were also positive ( fig. 7 ), but the intercalated disks were always negative.
The same pattern of distribution of enzyme activity was seen in the sections incubated with anti-human /h C-A globulin labeled with peroxidase and pretreated with the EVI positive serum and FNHS as a source of complement ( fig. 8 ). Controls performed with heat inactivated FNHS gave negative results.
Absorption of the EVI positive sera with lyophilized epimastigotes of T. cruzi abolished the coupling of the enzyme labeled antibodies on the plasma membrane of the above mentioned cells (fig. 9 ).
The three EVI positive chagasic sera studied by ultrastructural immunochemical methods with mouse kidney, liver, and placenta gave positive reactions in the plasma membrane of endothelial cells of large, medium size, and small blood vessels, without any remarkable difference between the endothelial cells of the different vascular structures observed in those 1255 Figure 5 EIcci'tran nutirograph of mouse skeletal cl( ate treated u itfi se.1n1 (tdilut(e(d 1/1o) (1f a clagasic patient witli circildatitig P!1 antitbodi, jo/low cd h1 bi roida se-Ial)elt (d anti-littian gatmitnia glollidin antil)ll/. Ilie plasttia ttl)rapic appears cis aii electronl dense limt siowiztg tite p)ositiue (emizityu reaction. Sec tion (as in tle otilir cicluof niicrograp/is 5S stained oti)li IL it/li /iilstoc/ienil tetliods jor pc roxidasc. itio other stainiitig pJro(edur(e teas p)(erforut(,ie d X 1 000).
organs. No other structures or cells showed positive reactions.
Negative results were obtained along the plasma membrane of striated muscle and endothelial cells in the tissue sections treated with sera of chagasic individuals without circulating EVI antibodies and in that of blood donors (fig. 6, right) . The same was observed in the control sections incubated with peroxidase-labeled rabbit gamma globulin anti-rat IgG and with peroxidase alone.
The three EVI negative chagasic sera also tested by ultrastructural immunochemical methods with mouse kidney, liver, and placenta gave negative results.
Discussion
In a previous report1 it was shown by the indirect immunofluorescence technique using unfixed cryostat sections as substrate, that the sera of chagasic patients reacted with endocardium, blood vessels, and interstitium of striated muscle. This work showed that whereas the endocardial and vascular patterns remained unchanged in formaldehyde-fixed sections of striated muscle, the interstitial one was no longer observed, and instead a positive staining in or near the sarcolemma appeared.
These observations were performed employing mouse striated muscle as a source of antigen, as well as c/lIs (II aucca capillary (C) shlows a posititvestcuuiug. The arroir points [lie /)eginning (of coi in aguiitaion of the I si1;siu Y x 9 000)0 Rig/it) Detail siowtiug the positice peroxidase reac'tion at the /)Cginniiig of an iniragiiiation of t/u 1 sstemi X 36 000)( with skeletal muscle sections of EVI positive chagasic individuals reacting with their own sera. The progressive effect observed by increasing the time of formaldehyde fixation, with a gradual shift of the interstitial pattern into a sarcolemmal one, is congruent with the possibility that the interstitial pattern observed in unfixed sections is an artifact due to diffusion of a sarcolemmal antigen. However, the possibility of a distinct lability of the EVI antigenic system to the action of formaldehyde in the sarcolemmal and in the interstitium, or of the hypothetical existence of more than one antigenic system with a different resistence to the fixation procedure, in these locations, could not be completely ruled out.
Experiments performed with glutaraldehyde showed that this fixative rapidly solubilized or destroyed the EVI antigenic system.
A fluorescent sarcolemmal-subsarcolemmal pattern has been described in other diseases,'0`i and in vivo bound gamma globulin with this localization in rheumatic fever and other diseases was also observed. 7 2i There are evidences consistent with the possibility that an immunological mechanism participates in the pathogenesis of some of these diseases,22 especially in rheumatic fever. 22 Results of the present report, employing an ultrastructural immunohistochemical method, showed that EVI positive sera of chagasic individuals react with the plasma membrane of both striated muscle and endothelial cells. The electron microscopic staining was not very strong, but the blocking experiments, as well as the negative results obtained with EVI negative sera and with the use of peroxidase-labeled anti-rat IgG antibodies or free peroxidase, were con- elusive. The intensity of the staining was possibly related to the thickness of the structures involved in the reaction. The participation of the plasma membrane of muscle fibers as a reactive place is also supported by the reaction in the beginning of the invaginations of the transverse tubular system of the working myocardial cells. The lack of staining of the intercalated disks could be related to difficulties of the antibody to diffuse into this structure or to a different antigenic conformation of the plasma membrane at that site. It was interesting the negative staining observed in most of the pinocytotic vesicles. Although the interpretation of this observation needs further studies, it is congruent with the conception of the cell membrane as an impermanent anatomic structure,23 1 > 1 , r 1 1 t~~~~~24 and with its functional heterogeneity. Electron microscopic staining was observed only in sera which were EVI positive by immunofluorescence. Furthermore, C fixation experiments and absorptions with epimastigotes of T. cruzi support the assumption that both methods are detecting the same immune reaction. Since plasma membrane of endothelial cells is involved, these cells would be responsible for the endocardial and vascular patterns observed by immunofluorescence. In addition, the positivity of the plasma membrane of striated muscle is compatible with the sarcolemmal fluorescence observed in the formaldehyde-fixed material. Positive staining observed with EVI positive sera by ultrastructural immunochemical methods with kidney, liver, and placenta was observed only in endothelial cells of blood vessels. This is in agreement with the observations performed by immunofluorescence methods in a previous study. ' In a recent report it was suggested that EVI factor could participate in the pathogenesis of chagasic cardiopathy.' The presence of tissue-bound gamma globulin in muscle biopsies provided an element which was consistent with this hypothesis.' However, since EVI reacts with vascular structures and striated muscle, it was not clear why evident lesions were present only in the heart. The demonstration of the antigen in the plasma membrane of the working myocardial cells, including the invaginations of the transverse tubular system, leads to the possibility that the functions of these structures are perhaps affected by the EVI factor. The highly stressed metabolism and function of the myocardium could perhaps explain its greater lability to the action of an antibody directed against antigenic determinants of the plasma membrane, in comparison with other cells carrying the same antigenic determinants (skeletal muscle fibers and endothelial cells).
Since plasma membranes of both striated muscle and endothelial cells react with EVI antibody, it would be reasonable to presume that common antigenic determinants exist in both structures. An interesting implication of this concept is related to the rejection of heart transplant25 in which sarcolemma and endothelial cells of the coronary vasculature may be involved together in some of the rejection processes.
